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FOREWORD

This report has been prepared to present preliminary, information relative to
the flight of Atlas Missile No. 4F. The information presented is based on vis-

Wal observation and data evaluation to the extent permitted by time limitations.
It should be considered as preliminary only, and the final reports on this flight
referenced for further information. The technical content has been prepared
and jointly agreed upon by members of the WS 10A-1 Flight Test Working Group.1

Prepared by. Data Operations, General Dynamics/Astronautics, AMR.

II •E. V. Thatiher K. E. Newton
Manager, WS 107A-I ProjectOffice Chief of Test Operations, AMR
Space Technology Laboratories, Inc. OD/Astronautics. A Division, of
AMR., Florida General Dynamics Corporation

L. D. Solid M. J. Swing
SResponsible Representative Manager, Field Test Engineering

WS 107A General Electric (DSD)
Rockeu•ty, AMR. Florida AMA, Florida

5 W. H. Ca0iweLl 0. M. Henriksen
Manages, Test Operations Test Operations Section Head
D.,uurougha Laboratories American Bosch ARMA Corp.
Burroughs Corporation

:•:i:ii..•Toot O1prstgnl Section Head s- ift Mazr. AMR

AVCO Corporation Aco latica, Associates

Adn ..Ad.. R. Wignall
, 9ipervieor, Development Test, AMR Colonel. USAr

A A&ermmtroic Division Commander
toid Mlotor Company

Ap-
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SUMMARY

Atlas Missile 4F, the second 'IF"' Series Missile to be flight tested, was Launched
from Complex 11, AMR, at 1604 EST on ZZ November 1961. The flight was
successful and the Mark 5 Mod Z Re-entry Vehicle impacted in the target area
at a range of 4,388 nautical miles. MILS data placed impact within 1. 2 nautical
miles of the aim point.

Operation of all missile systems was satisfactory except that Umbilical 600U7
did not eject and v..aa pulled out at liftoff, and re-entry vehicle playback data
was not received after blackout.

,ý 41W n41111 , osii o M1 o 11111Uti"
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FLIGHT TRA3ECTORY

The flight of Atla, Missile 4F was planned for a range of -388 nautical miles
downrange with impact in the center of Ascension Missile -npact Lo.atien
System (MILS) area.

This was the first "l" Series missile to be flown with a loftt • trajectory.

A tab••ation of miss distances arnd a comparison of nominal flight performance
parameters from Flight Trajectory E XII. and measured test values from
Azusa and telemetry data at significant times along the trajectory &'•* pre-
sented below.

rigure 1 presents impact points as determined from several soumrces.

Note: ALU times in this report are based upon Range Zero Time which
occurred at 1604:11 EST. One Inch Motion occurred at 1604.11.46
ESTM

Miss Distance 95f, Confidence Limits

Asasa Mk 11 1.57 nm Short Major Axis 0. 239 am
0.32 am Right Minor Axis 0. 215 nm

* 123. 450T

Mod MU 1.23 am Short Major Axis 0.42 am
0.62 am light Minor Axis 0. 37 n

* 123. IOT

Splash No. 2 1.14 nmShort 40.110am z
0.30 am Right 7"0.107 nm

J1 -60.7oT

90TAR Bomb 1 1.17 am Short 40.115 am x
0. 30 m mRight 70.113 am

Z I. 60T

Gldac.l/Mod. M O. 0.0 mm Short ......
Velocity Comparison 0. 20 am Rg1ht

• • on @W n s -a - W a 'm m w I m ISAW- '#M "L faiu uO -MNO 00m muWUMWininmingr
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4

Item Unit Nominal Measured

Liftoff Waight lbs Z68, 597 -

Launch Azimuth deg 106.3 106.3

CGO Weight lbs 67,870 -

BCO Velocity ft/sec 9, 035 9,080

A-, BCO Altitude ft 205, 829 208,484

SBCO Range um 42.4 42.3

BCO Time sec 125.7 125.8

SC0 Weight lbs 15,513

SW Velocity ft/sec 20, 113 20. 126

SCO Altitude ft 941,657 951,725

SCO Range rnM 384.5 375.8

CO Time sec Z93.5 289.4

VCO Weight lbs 15, 317

VCO Velocity ft/sec 19,992 19. 985

YCO Altitude ft 1,044,120 1,060,967

'~VCO Range ur 40. 1 433.8

4,' VOO Ttne .se 311.2 307.8

Impact Time sec 11'954.1 1,969.3

Zmpact Range am 4, 388 4,387

Impact Latitude (Geodetic) deg S 8o4. 56' 04.171

.,. Impact Longitude (Geodetic). deg W 14044. 69' .1445. 83'

S-' -mu - nuunm uaon -u sm mmne w ur gums - -m ur m Pm imr aien Ws a,
OwKun s - sa, Iusu. u - m w a u u mimm in . s U

@a . .... OVA" a 5ADo1 . '•-
fe also",.WbSW
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Note: Nominal times are corrected for the difference between Range Zero
and One Inch Motiou. Measured velocity. altitude, and range at
booster, sustainer, and vernier cutoff. are from Azusa revised data.
Impact range and co-ordinates are taken from MILS Splash Net Data.
Measured times are taken from telemetry recordings of discrete gen-
orations. Impact time in taken from the loss of re-entry vehicle
signal. Altitude is height above launch horizontall. Velocity is speed
relative to the earth's surface. Range is measured horizontal from
the launch pad with the exception of impact range which is mecasured
along the surface.

0.I

In 0o "M0l
~4 &.~'-WS
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SAIRFRAME

Missile structural integrity was satisfactorily maintained throughout powered

flight and well beyorzd re-entry vehicle separation. Booster separation was

satisfactorily initiated as recorded by M 32 X, Conax Valve Command. Re-
entry vehicle separation and Atlas/Thor retro-rocket operation were satis-
factory as indicated by M 79 A, Missile Axial Acceleration Fine. ARMA data
recorded peak axial acceleration values of 7.32 G's at BCO and 5. 15 G' a at

500. Umbilical 600U7 did not eject either electrically or mechanically. A

review of film data showed that separation was effected when the umbilical
became taut. Before the umbilical came out the bulkhead at the aft end of

the pod became widely separated from the pod. The bulkhead snapped backI

into place when the umbilical separated. There were no apparent detrimental
effects on missile operation.

The two environmental temperature measurements in the engine compartment
gave normal indications. A 638 T, Aft Side A Frame Q 2, recorded 11Z°F
throughoat booster phase and 93°F thereafter. P 671 T. Thrust SectionAmbient
2uad 4, remained steady throughout flight at 930F. This was not typical of
other flights as normally the temperature rises during sustainer phase.

TlAhthermocouple.xeferencejunction in Pod 1. Measurement T 105 T. indi-
cated an essentially constant temperature of ss°r.

roar temperature measurements were instrumented on the Thor retro-rocket.
Three of the four measurements indicated valid data. However. M 177 T did
not activato un+tl 151 seconds. The maximum temperature recordect by each[ measurement is Hlsted in the following table.

Measure.- Mamum Time in Seconds
,me, ,escition Temp in oF From LiftoffL . .. M 177 T V1 Thor Retro Noasle 129 290

S.. *.... •'-M 178 T Vt Thor Rietro Came, 91 4

.Ml-79 T YZ Thr Ietre Nozale 122 a80

M'180 T VI Thor Detre Case Deleted puior to launch

Five temperature measurements were instrumented ea the missile skin near
the Scientific Passenger Pod In order to study the skin heating cAaracteristicsQ deAss W aerodynamic ilaw in this are&, TMe mAzimuns temperaftre recorded
by6 each measurement is lsted in the Lellewing tase.

No " KUM SWOMi sO WORM n swam uMu WueON ue POP" Mm. ft um Op W umeans UKuQ
Ar IUU W - IPIWseS eIS o E nS u - s U smin NSU S mm(mu,
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Maximuam Time in Seconds
Measurement Station Temp in 0 1 From Liftoff

A 41 T 1038 187 149

* 42 T 1048 181 149

A 43 T 1054 196 149

*A44 T 1062 169 149

A 45 T 1075 169 149

Four temperature meahuarements were instrumented in the VZ fairing area.
Thee. measurements were added in order to study the aoxodynamic heating
characteristics of the new fairing "n to determine the environmental tem-.
peratuares of the Thor retro-vackets. The fairing configuration was changed
in order to house the added Thor retro-rockets. Measurement A 31 T. VZ
Heat Shield, activated at 63 seconds. rose to a maximum temperature of

I) 47707 at 93 seconds, then started a decrease and was Indicating zero by 128
seconds. A 32 T. V2 Heat Shield Calorimeter. did not function throughout
the flight. A 57 T, at the forward retro-rockit support, indicated a maxi-
mum temperature of 108 0 rat vernier cutoff. Measurement A 679 T. VZ
Fairing Aft, began an increase at 68 seconds and Indicated a maximum I*=-
perature of 2840r by 121 seconds.

The V2 clamshell was instrumented with two temperature measurements,
Measurement A 142 T,, YZ Pitch feedback Electrical Connector. rose to a
msaximum temperature of 16907 jit 116 seconds. A 143 T. VZ Clamshell
Inner Sarface, Indicated Z040 at booster cutoff and 30e0 at 270 aicconds.

An accelerometer, Measurement A 36 A, was mounted on the boosts% thruast
sectioa to awslyse. the longitudinal motion of the thrust section as it jettisons,
Any sudden impacts or bitches is the thrust section movem~ent was to be
revealed by this accelerometer. The accelerometer was attached to the
booster thrust section and atilised as eight foot cable. No valid data wab
gathered from this measurement. The measurement apparently became maop.
erative immediately after liftoff.

Two .thv. accelerometers wete instrvnentod. on the booster section jettison
rail end in order to ascertain that the rail deflections art within spocificatiO&s.One
accelerometer was to measure acceleration in the tangential direction and the
other was to meas"Ze acool*eratio& in the radial direction. MeassremeatA TI A

Jettison 3ail end, 3.dial. apparently yielded invalid data.Ls OUNOWO mi AWU ~Wg e s"WOoe nwýW "0
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A 78 A, Jettison RAil End, Tangen~tial, appeared to give valid indications.
showing mino7 movement during staging. Further evaluation will be required
to determine the value of the data recorded by this measurement.

At booster staging, a significant quantity of LOZ and fuel is trapped in the
Jettisoning thrust section. The tr I pped WZ either quickly vaporizes or mixes
with the fuel and actaUT.l explodes. The phenomenon may explain the observed
missile nose-up which occurs right after thts start of the booster jettison
operation. roar measurements, two pressure transducers and two low mass
thermistors, were provided in order to make a study of the above described
phenomenon. The two pressure transducers, Measurements A 59 P. Ambient
91 WIZ Staging Disconnect, and A 60 P, Ambient BZ L4OZ Staging Disconnect,
indicated some pressure variation Just prior to the telemetry blackout period.
.The two therm).stors, Measurements A 35 T, Ambient Bl LOZ Staging Dis-

cosect, and A 58 T, Ambient B2 L40Z Staging Disconnect, recorded temper-
Matre decreases at liftoff &ad at booster staging. It appears that the blips
Iniac~atin temperature decreases at staging were falowoed by blips indicating
increaese. further evaluation Is required to determine the full sign.4ficance
of Ibis data.

IWi @o
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PROPULSION SYSTEM

The Propulsion System performance was satisfactory throughout all phases

of the flight. Engine thrust risen and decays appeared normal. Sustainer

engine ignition delay time was not acquired due to the EA recorders being on

slow time.

In order to evaluate sustainer engine performance during the staging black-

out, a time delay recording of RF I was transmitted on RF 4. Also additional

instrumentation was added which consisted of Sustainer Gas Generator (SGG)

Fuel Check Valve Acceleration (P 5310), Sustainer L2 Regulator Output

Pressure (P 967 P), SGG Fuel Injection Manifold (P 463 P), Sustainer Fuel

Injection Manifold Pressure (P 517 P) and SGG L02 Injection Manifold Pres-

sure (P 337 P). No abaormal activity was noted on sustainer engine pres-

sure measurements during staging.

Interpretation of the SG0 fuel check valve acceleration data was difficult

S) because of the large range of the accelerometer (300 0's). Tha average

accelerations were 8 G's at liftoff, 10 G's prior to BCO, and 9 G0s prior to

SCO. The acceleration level remained fairly constant throughout sustainer

engine firing at a frequency of 600 to 640 cycles per second.

A tAbalation of Propulsion System telemetered data is presented on the fol-

lowing pages.

S•110in.... -lmn musm uinun un lumuunu u rnU - -mqm urn s minmm us se wum sn un i

Uýýnn in aM W Mammas am WMM 'WT_ _ _______w____

~.- ~ ~ - 4t
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'1 ~ ~ ~ ~ POELN UTILIZATION_____________

The Acoustica Propellant Utilization (PU) System perforinance was satis-
factory. The PU valve positioned correctly in response to the error counter
output voltage. The Head Suppression valve position data was not valid.

The motiostable output Measurement ((U 135 X) indicated simultaneous
uncovering of the LOZ and fuel sensors at Stations 2 and 6. At both stations
the computer interpreted the signals as L02 sensor only uncovering*. In
both instances the system positioned the PU valve at the maximum open posi-I tion until automatic computer reset. At reset. the fail-safe feature of thesystem positioned the PU valve at the nominal value angle until Station 3sensor uncovering and SCO, respectively.

Sensor uncovering times and PU valve angle after positioning are shown In
tefollowing table

Wa. Foci* PU Valve
station" Sengor Sensor Angle

16.97 6.2 V 3. 5

Z 46.31 48.51 Z7. 0

3 66.15 65.30- 21.5

4 117.2Z4 116.79 26.0

5192.4 192.29 26. 5

.246.15 246.15 27.0

,,. Accray of times is M0.05 seconds.

? Caculaionsof propellant residuals based on Head Senselg Port data indi-
aTe O$~ pounds of fuel and 2055 pounds of L02 romiaaing at SCO. This

* 0y rrcoats a 1.02 excess of 340 poundsatSO

ftNo MA ns ws w Wmai FI OSO M e1

*,`ý Anf n80M/t og"aA mn omi

0zK
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The following constants were applicable fow this flight:

CA 10-9 R Computer Serial Number 0086

PU Valve Angles Calibrated Log book

Closed Limit Z2. 00 ZZ. 50

Nominal 27.5 So 27. 30

Opon Iimit 47. 0* 4750S

toUmwng~gpg
W,6NWMa Li "s owI M FI DVI AI

0IGOO am AOMI I
ft re rs-ssus -sis- w0w

SM..~~~~~~~~~~~~~~ u;Zm a m i~ wm u s emn m
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I PNEUMATIC SYSTEM

System performance was satisfactory. Tolemetered data indicated that all
pressurization and control functions were properly performed throughout
flight.

Tank Prexsurization System

Missilebarue propellant tank pressures were satisfactorily maintained within
respective 1.02 and fuel task pressure specifications of 23. 0 to Z5. 5 psig and
57. 0 to 62. 0 psig until jettison of the Fluidgionics pressurizati~on regulators
with the booster section.

WDZ boiloff continued to maintain LOZ tank pressure at 25 to 26 paig daring
sustainer /vernier phase and until well after re-entry vehicle separation.
rueal tank pressure decayed from 59 psig at BCO to 40 psig at: YCO, reflect-
lag the bulkhead heat transfer rate associated with the uninsulated intermed-
late bulkhead.

The Pneumatic System configuration of "F"rl Series smissiles utitlises 6 helium
battles for propellant tanks pressurization whereas only 5 are used for "Ell
Beries missiles. The bottle was added since the operaticial "Fr" Series mis-
ail* will have a shorter chilidown time and the Ainal bottle temperature willbe
M~gker. Jiowever, since the bottle@ on Mtissile 4Y were charged and cooled to
nominal "El! Series R wad D temperature and pressure, the expected excess

(astared helium was Ledicated at staging, Bottle. pressure at that time* was
1006pet, o aproximately 250 pei higher than on "E" Series flights. The

bouttl temperature decreased fromt .320~F at liftoff to -37oOo at Bco.

The temperature Increase effected. In the helium when passing through the
b eat ezbaager was 565*7 at 5 seconds &ad 6600T at BCO& The maximum

Stemsperature rie, of 75567F was recorded at 60 seconds when the 1.02 pressuu-
lIs&"& regulator inlet temperature peeked at 403*3.

IM @OMOfWNPW~# ý0 WW9 FItNW MOw FI oatlt"
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Control Pressurization System

I Controls helium bottle discharge pressure data indicated that control pres-
I ~sure was properly maintained throughout nlight. Landline measurements
j indicated bottle pressure and temperature of 3071 psia and 103 0 F at. liftoff.

Bottle pressure was Z920 puia at staging and normal decay occurred during
vernier solo phase, xellecting a helium demand by the helium pressurized
vernier engine solo propellant tanks.

Specific values from landline and telemetry data are presented on the follow-
ing page.

0OAO vm nMMWWO M$NW"t wnf omw f a

C)f tWMO 1 I~o nMM W i 1~W I
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HYDRAULIC SYSTEMS

Systems performance was satisfactory. Booster and Sustainer /Vernier Sys-
temn pressures were properly maintained throughout powered flight. All high
and low system pressure instrumentation yielded valid data with the excep-
tion of Measurement H 130 P. Sustainer Hydraulic Pump Discharge Pressure.

Booster system hydraulic accumulator pressure reflected normal transfer
from the ground booster Hydraulic Pumping Unit pressure of about 1900 psi&
to a mnissileborne level of about 3150 psi& which was satisfactorily maintained
until BCO.

Sustainer/Vernier System hydraulic pressure reflected normal transfer from
the ground sustainer Hydraulic Pumping Unit pressure of about 1930 psi& to
a missileborne level of about 3020 psi& waich was satisfactorily maintained
until SCO.

Measurement H 185 P. Sustainer Hydraulic Pump Inlet Pressure, reflected
j) an abnormal 20,7*1 pressure increase to 100 psi& at hydraulic pump shutdown

coincident with SCO, where it remained for the remainder of telemetered
data. Since the Vernier System return pressure did not reflect the increase
bet remained at proper leve~ls throughout flight. the pump inlet daa& after
SCO is considered questionable. Frlight data from Missille a? indicated the
same!#yp of failure at the same time.

After SCO. hydraulic pressure was maintained by the Vernier solo Accumu-
lator for 33 second#. bottoming out at a pressure of 1170 psi&.

Sustainer hydraulic pump vibration measurements were included in system
instrumentation. Laborsalor tests have shown that the sesetainer hydraulic
pump case fractures under certain vibralary conditions. The four measure-
ments, added to determine if criti'al levels were being approached during
nlight, were:

H 4260 Sastainer Hydraulic Pump, Tachometer X.Azis

H 43? 0 Sustainer Hydraulic Pumps, Tachometer T-Axis

N 4"10 Sustainer Hydraulic Pump, End X-Azis

0 439.0 Sustainer Hydraulic Pump& End T-Azis
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AlU four measurement yielded valid data. Measurement H 429 0 consistently
indicated the highest vibration levels with maximuim no' ed values of 20 to 23
G's (RMAS).
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MISSILE ELECTRICAL SYSTEM

System performance was satisfactory. Frlight data indicated that electrical
power was properly supplied to all user systemns throughout nlight and that
all parameters remained within specification.

Measurement £ 118 V, Engine Relay Box DC, was added to system instru-
mentation to monitor the dc voltage 4,mt of the engine relay box on a contin-
uous telemetry channel to determine that no voltage interruptions occurred
during flight. No voltage interruzptions, we~re indicated.

The following maximum, and minimum values were recorded for the measure-
ments; listed below dnring the period from liftoff to after re-entry vehicle
separation.

Meaaure. - light Flight
ment No. Description Units Specification Min. Max.

z so a 400 Cycle AC Power Supply cps 395 to 405 396.8 400. 6

328a V Missile Systom Input vdc 25. 2 to 30. S 27. 3 28. 3

z 51 V 400 Cycle AC Ptase A vac 113 to 117 114.1 114.3

9 53 V 400 Cycle AC Phase C vac 113 to 117 114.0 115.0

4i4;'

'j
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RANGE SAFETY COMMAND SYSTEM

Operation of the Range Safety Commiand System was satisfactory. Teiemeternd
data indicated airborne received signal strength was adequate to ensure proper
system operation until well beyond Nose Cone separation. The Automatic
Sustainer Cutoff (ASCO) and Manual Fuel Cutoff (MFCO) signals were properly
decoded by the rnissilebomne system. Data indicated that sustainer cutoff was
initiated by the Guidance System And not the ASCO signal.

The following times were obtained from the data. Signal D I V. RSC Cutoff
Output, could only be measured with an accuracy of ;0. 1 seconds on a com-
mutated channel monitoring this signal because the co'ntinuous channel did not
function properly.

Sustainer Cutoff Discrete Z89. 486

Sustainer Cutoff Relay Z89. 489 / 0. 1

Automatic Sustainer Cutoff Z69. 623 i0. 1

Manuel Fuel cutoff 331.461 00.1
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AZUSA SYSTEM

Operation of the Azusa System during flight was satisfactory. The telemetered air-
born* receiver AGC data and. the gr~ound sta~tion receiver AGC data increased

" rapidly at launch but remained noisy until approximately 80 seconds due to
flame effects, lobing. and multi-path reception. Thereafter AGC data were
clean and adequate until well beyond nose cone separation.

The system was in tht; fine mode in Range at launch. Automatic Track was
established at 4. 55 seconds and the angle cosines were switched to the fine
mods, at 5.45 seconds. Intermediate Range was transmitted from 20.6 to
24. 1 secreuds and one ambiguity wasn resolved from the A-1 angle cosine from
47.6 to 48. 4 seconds. Data were then satisfactory until 466 secouds w~here all
parameters nestled resolution. Loss of signal occurred at 475 seconds. Data
was reducible from 25 to 399 seconds.

The Automatic Data ... lect Fuuction at the 7090 Computer selected Azusa data
for IP information from 58. 3 to 120. 9 seconds and from 212. 7 to 467 seconds.
The following IP was provided.

0Miss Distance 95 % Confidence Limits

Downrange L.57 am Short Majot Axis 0. 239 nm

Croserange 0.32 um Right Minor Axis 0. 215 mm

at 123.450 T

7 ~-.--I - - -
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PENETRATION SYSTEM

A Mod I Pod, Serial Number 022, was flight tested on Atlas Missile 4F. The
flight was completely. successful. AUl of the Pod functions operated as planned.

The Sara Switch activated at Z6.3 seconds providing voltage for instzumeata-
tiolh.

The sequence timer started at 292 seconds and supplied all the signals for
fairing eject, tub. unlatch acd orient motor start.

The TZ signal was received from the fliCht programmer and initiated the can-
ister ejection. The canister ejection velocity was approximately 10 ft/sec.
The orient angle was approximately 820.

Event Time

-f Irairing Eject 292. 6

Tub. Unlatch Z93.2

Orient Motor Start 294.0

Canister Eject 311.5
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FLIGHT CONTROL SYSTEM

Performance of the Flight Control System was satisfactory. Data iLdicated
that response to the guidance roll maneuver was satisfactory and that the
pitch program was accomplished satisfactorily. All guidance discrete com-

*1mands were acted upon properly and response to guidance steering commands
was satisfactory. Data indicited that all programmer switch functions

Soccurred properly. T?"ere were no missile bending mode buildups during the
flight and propellant slosh during booster phase was moderate. Engine dis-
placement& at engine start were within the allowable tolerance of / 0. 6 degrees.
The liftoff transient was larger than normal reaching Z.2 degrees-peak dis-
placement and a 4. 8 deg/sec peak rate. This transient was comparable to
that observud on Missile 16E. The staging transients and the staging sequence
appeared normal. The vernier engine displacements reached ZZ degrees to
cause clockwise roll at appiroximately 47.5 seconds and moved to displace-
ments of 7 degrees to cause counter-clockwise roll by 69. 5 seconds. This
unusual deflection at 69.5 seconds was comparable to that noted during the
Missile ZSE flight and was attributed to aerodynamic loading on the scientificC•passenger pd.

This was the first flight with Thor Retro-rockets closed-loop. These retro-
rockets were fired simultaneously with the Atlas Retro-rockets by a s.eparate
programmer switch. Shorting of both the Atlas and the Thor Retro-rockets
wiring resulted in the burnout of their respective programmer switch current
limiters. The tank fragmentation signal instrumented in an open-loop cca-
figuration, occurred satisfactorily at 189.0 seconds after vernier cutoff.
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INERTIA'r GUIDANCE SYSTEM

Performance of the Inertial Guidance Sy-%tern wasn satisfactory. The roill
maneuver and the pitch and yaw stebring commands were properly generated.
All discrete* were issued at the times called for by the equations. All Iner-
tial Mode start occurred at 1604:05. 66 EST.

This wasn a lofted flight using Trajectory E-XU,. with planned impact coordin-
ateu of 8. 0760 degrees south latitude and 14.7450 degrees west longitude, a
range of 4388 nautical miles. Target offsets of -0. 0113 degrees latitude and

.4.0078 degrees longitude were inserted in the Inertial Guidance System to
A compensate for nose cone parameters and vernier thrust decay.

Missile Behavior

Missile axial acceleration at sustainer cutoff was as follows:

-NominalActual

Thrust. A ccele ration 5.22 52

Net Acceleration 4.74 4.73 4

A comparison of the telemetered velocities and positions with those listed in
Trajectory E-XUI at the approximate time of guidance enable was as follows:

3 Sigma
Function Units Actual Nominal Dif~ference* Limits

Time** sec 137.6125 136.00 -0. 1875 4 6.5

Xft/s0c 9666. 5 9666.5 0 7 70

y ft/eec 401.75 463.25 .61.5 41V00

Zftlrnec 4335.5 4233.0 ,4102.5 49'00

X ft495t552 494,526 .41024 190500

1' ft 56,064 58,304 -2240 j 5.500
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3 Sigma
Frunction Units Actual Nominal Difference* Limits

7. ft 237, 568 234, 176 ý3392 ,L 28, 500

CET wad -0.004638 -0.00024 -0.004398 -

Rir rad 3.983641 4. 0156 -0.031959

*Actual Minns Nominal

**Times Referenced to Inertial Mode Start.

Platform- and Control

The roll maneuver an indicated on the azimuth resolver was executed properly
during the 2 to 19 second period.

The pitch resolver came into the instrumented range at guidance enable minus
C) 285S seconds and crossed over zero 22 seconds later. After the staging dis-

turbance the resolver settled at zero at guidance enable plus 16 seconds.

All servo errors were normal and less than ,~0. 8 minutes deviation.

Gyro drifts measured prior to launch were:

*Grope Azimuth -0. 620 /Hr Precountdown

jeRoll Tized 40. 130 /Hr Precountdown

. ross Pitch tO. 640 /Hr Hanger N

4 ~ These values are consistent with previous measurements. Rd ndt gyro
- torquing vurrents were normal. Maximm amplitude oscillation of 670 /Hr

~ peak to peak occurred at 230. This channel also indicated an oucillation of
Sloes diaa I cps at 26P/Hr peak to peak ampilitude during the interval from
laternal power transfer to reaset.

07Gyr teamperatares remained stable through the flight, with the following
deviations from the buoyancy temperatures at launch:

45~
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Roll/Azimuth (602) 40. 450C

Pitch (601) 40. 950C

The binnacle heater measuremeut cycled twice from full on to off during the
flight.

Accelerometer scale factors measured during the precaunt were as follows:

Y z

2. 00052 Not Measured 1. 99826

These values are consistent with previous measurements.

Computer

Computer operation was satisfactory. All discretes were issued at the pro-

C) per imes. omputer voltages were normal. Computer temperature rose
from 310 C to 37 C during the flight.

Yaw steering was normal. Missile yawed approximately 70 left with 210 right
overshoot. Steering was essentially complete at guidance enable plus 38
seconds.

The data checker tests of the range tape recorded during the flight indicated
that the computer operation was satisfactory. Four errors occurred and
Data Bridge Correction was required at 115S seconds for approximately 2
seconds due to noise on BE No. 3.

Alilznmont Countdown Set

This missi~e was launched using the Lot M! QOG Operation of this equipment
was normal sap to step 6.19 of the precountdown.- During this step a computer.
"Ni-Go"l occurred. The computer received no inputs until 29 seconds after
start. It was established that at initiation of countdown both the Standby and

the ready mode relays were energized. Twenty-nine iseconds after the corn.
puter test start, the system stopped normally to torque mo4., de-energiuing

the ready mode relays and feeding the proper inputs to the computer. The eys..0a was returned to stand-by and another countdown initiated and the computer

rnwscmpltdsucesfly Afte th sateeyatep a aet
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latch up this relay again and simulate the condition. This could not be acCom-
plished. The condition is being investigated.

Accelerometer zero* were within the specified tolerances before launch, ar
measured with the A -CS, indicating proper operation of the zeroing loops.

Compeneateci
Function Nominal Nominal Measured Error

X offset 0.667 0.6684498 0.6627010 -0.0057488

X sera 1.000 -Notmeasured* -

Zsero 65.25407 65.19523 65. 19701 ~ 0. 00 17 8

* X zero was not measured due to the ACS advancing to Step 14 before a
* reading was taken.

Instrumentation

All c)rannels of the Analog Signal Converter operated satis fac-to rily. ASC
* temperature remained constant at 21. 5oC throughout the flight.

The Digital Signal Converter performance was satisfactory.

Telemetry quality on this flight was fair. The normal drop at staging occur-
red and additional noise occurred on RF 3 at 11:5 seconds.

roar ASC channels had GD/A temperature monitoring signals mixed with

approximately 0.25 volts* The same bias was observed on Missile 3ZE.
which also had this configuration.

Vi
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MOD III RANQE SAFE;TY AND INSTRUMENT-ATION SYSTJFJX.

Performance of the Mod IH System was satisfactory. During the minus count
primary Range Safety was transferred to the Hod III System. In addition. it
was the primary source for the generation VO the ASCO discrete. A good UP
plot was presented to the Range Safety Offizer from liftoff to approximately
382 seconds. The ASCO inhibit switch remained in the "Orr, position for
the entire flight, and the ASCO discrete was generated properly at 289. 397
seconds.

Telemetered data indicated satisfactory operation of the Missileborne Mod IU
E Beacons.

Performance of the individual subsystems was as follows:

Track Subsystem

The performance of the Track Subsystem was satisfactory. The missile was
tracked off the pad in automatic monopulse mode as planned. Track lock was
continuous from liftoff to 411 seconds when the limits of range tracking was
reached. The operator immediately ran the track range gate back and succeeded
in reacquiring the missile, tracking it for an additional 60 seconds.

During the sustainer phase the received, signal strength average -53 dbm and the
peak-to-peak tracking errors were 0. 08 mile in azimuth and 0. 05 mils in eleva-
tion.

Rate Subsystem

The performance of the Rate Subsystem was satisfactory*

Fromn liftoff to approximately 50 seconds the received signal was noisy due to
flame affects and multipath reception. Rate was L-4ked on the missile at 9
seconds; however. due to the noisy signal the lateral rate flags were later-
mittent until 42 seconds. From this time, except for the, usual loss of signal
at staging, rate lock was continuous until 410 seconds.

During the sustainer phase the received signal strength average was -46 dbsu
and the lateral eate, readout variation was the normal 2 bits peak-to-peak. The
rate data provided the computer diwing powered flight was of good quality.
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Mcd III Computer

The computer operated satisfactorily during the countdown and ensuing flight
with zo malfunctions observed. A simulated flight re -run was made with no
deviations from the real tirme rasults.

Acceptable data for UIP calcuiations were received continuously from -6 sec-
onds until switching from flight ready at ;~382 seconds. The following impact
point was calculated from data gathered between V4;0 and Retro-Rocket Firing.

Mean Miss Standard Deviation of

Disanc Deigto.theMean

Cross Range 0.62 NM Right /0.45 NM /0. 1.7 NM

*Down Range 1. 23 NM Short /0.3%NM /0.15 NM

K+
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RE-ENTRY VEHICLE

A Mark 5 Mod Z Re-entry Vehicle was flown on 4F and was the first re-entry
vehicle of its type to be flight-testad on an Atlas.

The C-band beacon and Telemetry System operated satisfactorily until black-
out. L,-ink 255. I was lost during blackout. This vehicle incorporated a record
retransmit system and, therefore, did not have a recoverable data cassette.
One apparent malfunction occurred approximately 80 seconds prior to re-entry
vehicle separation. At this time the pre-arm, electrical disconnect and
mechanical disconnect monitors operated. This problem area is being in-
vestigated. The physical separation monitor operated satisfactorily and at the
proper time. From a quick-look basis, it appears that the re-entry vehicle
test objectives were only partially satisfied.

The following is a chronology of re-entry vehicle in-flight events:

Function Time

Range Zero 0

3 Lockout Switch 2 65.7

Lockout Switch 1 79.7

Pre-arm (R/V Monitor) Z25.5

Electrica'I Disconnect (R/V Monitor) 22S.5

Mechanical Disconnect (RIV Monitor) 22. 5

Pro-arm (ARMA Computer) 308.?

Physical Separation (R/V Monitor) 31Z
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PROPELLANT TANKING

7mel tanking was accomplished on 18 November 1961. Flight level was
.obtained in the following manner. Fuel was tanked to the Level High Primary
Probe ples 23 gallons at Sequence I (tanking pressure) and tanking secured.
Feel tank pressure was then increasad to flight pressure, the pressure sen-
sitive pro-valves were opened and the enagine plumbing was filled. Tank
pressure was then decreased to Sequence I and 33 gallons of fuel were added
to return to the original level.

On 32 November 1961 the fuel level had decreased and 33 gallons of fuel were
topped. This placed the fuel level 23 gallons above the Level Low Primary
Probe prior to LOZ Tanking. The decrease in fu.cl level from 18 November
to 22 November 1961 represents a level change of 102 gallons. This level
decrease is too great to be attributed to a fuel density ch~ange. Since the fuel
density at ignition cannot be determined, the Ignition fuel weight of 76, 200
pounds Is based on tank volume and the 18 November fuel density of 49. 88

C) lsIft.

LODZ tanking was concluded with a successful L02 slug transfer of 44. 0 sec-
onds duration a& measured from the activation of the Topping High Probe to
the activation of the 100 percent Slog Cutoff Probe. 102 slug discharge pros-
sire peaked at 3416 puig and remained there until sloug cutoff. The 100 per
cent slug uncovered 0. 33 seconds prior to I Inch Motion Indicating that the
102. level at ignition was approximately 700 pounds above the 100 per cop#
5Mug Cutoff Probe.

Based f aLtank volume and an ignition L02 density of 70. 15 lbs /ft~ there were
approximately 174, 200 pounds of 102 aboard at ignition.

Weather Data

4

Ambient, Tempemate"tor7..o

..Swamomtrlc Pressues? 1~9,90 Inches of Hg 30. 010 Inches of Hg
SRelative Humidity66eacet. 63Pren

3 Knots *N 1 Naots e_
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TELE~METRY

Satisfactory data were obtained from the Telemetry System until well beyond
powered flight.. The usual dropout of the telemetry signal occurred after
staging and lasted 0. 5 seconds. Operation of RF No. 4 was satiofactory.

RF 1 Channel 11 temperature measurementa yielded in-valid data after plus
295 seconds. Channel I1I Segment 27 became noisy and below normal level
from plus 295 'seconds till loss of signal. Channel I1I Segment Z5 became
noisy and spiked below 100 per cent level from plus 296 seconds till lose of
signal.

There -were £Unaee.. measurements that did not yield valid data throughout the
flight.

Measurement Description Comment

A 77 A. Jettison Rail End Radial Remained above 100 per cent
9 after staging invalidating D 1IV

on Rr 1 Channel 69.

M4 17? T VI Thor Retro Nossle Below serv until plus 152 sec.
onds. valid after 152 seconds.

U4 180 T Vz Thor Retro Case Below Zero Prior to l4 aeuch.

A 36 A Booster Thrust Section
Longitudinal Accele ration railed at 0. 1 seconds.

P 529 D 5, Main LOZ Valve Tailed at Plus 4 seconds.

H 130 P Se Hyd Pump Discharge Remained at sei..

P 38 P 52 real Pe mp Discharge Remained at set*.

A 32 T V2 Heat Shield Calorimeter Remained at .2 pow cost.

1P 51? p Sustainer ruel Wjctica

Manlifold Improper levels.

() H~55P "ustainer Hydraulic Pump
Wale Pressure 1mvdali after suattlast ewesfta
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Measurement Description Comment

P8$30 D Suit PU Valve Position Intermittent.

P 530 T Sustainer L02 Pump Wnet, - Over 100 per cent.

P 531 0 800 Fuel Check Valvb Bias level ahifts occurred
during flight.

Missile 41r contained three Bendix Mod 7 IPM Telemetry packages and one
Time Transponuition Talemetry package which included a Speidel Corp. Mod
003 R~ecorder-Reproducer System. Basic telemetry channel assignment is
given in General Dynamics /Astroznntics Report AE 61-0123-04.

0.
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LANDLINE INSTRUMENTATION

The Landline Instrumentation System provided satisfactory data until liftoff.

Difficulty was encountered in obtaining accurate sequence data from the EA

records as the records were n~ot switched to fast time until one recond prior

to liftoff. The brown records also were not switched until one second prior

to liftoff.

O~1.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. The flight wasn :nccessful.j Z. The re-entry vehicle telemetry playback transmitter signal was not
received after bla~ckouzt duiring re-entry.

Recommendations

1. Review pro-flight re-entry vehicle tests, flight data, and dynamic envir-
onment of lofted trajectory for possible explanation of loss of post black-

out playback signal from the re-entry vehicle.

*1 -7
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COUNTDOWN TIME VERSUS EVENTS

This test was scheduled for a 150 minute countdown and started at 1230 EST
as planned. There were four holds totaling 64 minutes which resulted in a
214 minute countdown. These holds were as follows:

1. At -70 minutes 1430 EST), for 40 minutes, to remove and secure the
service tower and for an apparent Guidance System problem. Service
tower removal had been delayed in order to replace the jettison plug on
Scientific Passenger Pod Serial No. 22 which would not properly mate
with the connector. The jettison plug replacement was completed at-71
minutes (1349 EST). At 1405 EST the hold was extended in order to eval-
uate a possible Guidance computer problem. The Guidance System was
reported "Go" at 1429 EST and the countdown was resumed at -70 min-
utes at 1430 EST.

2. At -45 minutes (1455 EST), for 15 minutes, to continue the investigation
of the Guidance problem. The cause o! the Guidance problem, improper

( • mode sequencing, could not be determined and it was do~cided to continue
the countdown with this condition existing. The countdown was resumed
at -45 minutes at 1510 EST.

3. At -35 minutes (1520 EST), for 7 minutes, due to malfunction of a re-
entry vehicle accelerometer. It was decided to launch without obtaining
this accelerometer data and the countdown was resumed at -35 minutes
at 1527 EST.

4. At -3 minutes 30 seconds (1558. 30 EST), for approximately 90 seconds,
to determine the status of the Asusa System. The Mark II Ground Station
was unable to lock-on the transponder after it was turned on at -13 min-
utes (1549 EST). It was decided to launch without Asusa and the count-
down was resumed at -3 minutes 30 seconds at 1600 EST. There were no
further holds required.

The following notations were made by an observer in the blockhouse.

Countdo in Countdown
Time Procedure Event

1228 T-15Z Jettison Plug On Scientific Passenger Pod
Serial No. ZZ Will Not Mate With Connector.

I" TO Me . -- IUW A-uhuU
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Countdown Countdown
EST Time Procedure Event

1230 T-150 T-150 Countdown Started.

T-150 Propellant Utilization Sensor Response
Checks Started.

T-150 Re-entry Vehicle Telemetry and Beacon
To "External".

1234 T-146 Propellant Utilization Sensor Response
Chocks Completed Satisfactorily.

1240 T-140 T-140 CAP Test Preparations Started.

f.1243 T-137' Jettison Plug Will Be Cut Off and Replaced.

1245 T-135 AIG Telemetry Check Completed.

1247 T-133 T-134 GAP Test Started.

1248 T-132 T-130 Re-entry Vehicle Telemetry and Beacon
To "Internal".

125? T-123 GAP Test Completed Satisfactorily.

1259 T-121 T-131 Telemetry Internal Battery Voltage Check
Completed Satisfactorily.

1301 T-119 T-1Z0 Range Safety Command Tests Started.

1309 T-111 Rango Safety Command Tests Completed
Satisfactorily.

1310 T-110 T-110 W-ectrical Connection of Red Destruct Box
Started.

131?. T-103 Electrical Connection -)f Red Destruct Box
Competed.*1T-110 Electrical Connoctioo; a' Retro-rockets

no MINNO 090"M15 MMMMii AMUS usMrmn ihn'umt sumWi lI AMs WMIN "ag EVA"i OFs mm ftM UAWs MUI&
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Countdown Countdown
EST Time- Procedure Event

1319 T-101 Electrical Connecti~on of Retro-roclrets
Comrpleted.

1323 T-9? Measurement S ZZ3 D In Reading Zero.

1327 T-93 T-105 Guidance Accelerometer Measurement
Started.

1330 T-90 T-90 Flight Control Systems Test Started.

Service Tower Removal and Securing
Delayed For Anticipated Hold At -70 Mini-
ultes9.

1335 T-85 T-85 Helium Pressure Storage Preparation
Started.

1338 T-8Z AIGS Landlunes May Be Removed.

Estimate 15 Minutes To Replace Scientific
Passenger Pod Plug.

1341 T-79 Flight Control Systems Test Completed.

1346 T-74 Will Hold At -70 Minutes For Estimated 151
Minutes.

1349 T-71 Scientific Passenger Pod Plug Work Coim-
pleted.

13 50 T-70H Holdinag to Remove Service Tower From
Teot Stand.

1353 Raising Service Tower Floors.

1400 Measurement S 223 D Is Operating Properly.

1402 T-90 Service, Tower Removal Started.
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0
Countdown Countdown

EST Time Procedure Event

1405 Hold Extended Additional 10 Minutes To
Evaluate Possible Guidance Computer
Probidm. Service Tower Will Be Held On
Transfer Table Until Problem Is Resolved.

1413 Hold Extended Additional 15 Minutes For
Guidance.

1429 Guidance Is "GQ".

1430 T-70 Countdown Resumed.

1435 T-65 T-65 Landlin. Electrical Calibrations Started.

T-65 Mod III E Beacon Checks Started.

1443 T-57 Will Attempt To Duplicate Guidance Prob-

0 lem - Personnel Dispatched To Transfer
Room.

1449 T-5l Landline Electrical Calibrations Completed.

T-50 Minute AIG Computer Check Will Be
, • Delayed Until Completion of Guidance

Investigation.

1453 T-47 Will Hold At -45 Minutes For Guidance.

1455 T-45H Holding For Guidance Problem - Estimate
10 Minute Hold Duration.

1505 Extend Hold Additional 5 Minutes.

Will Not Continue Problem Investigation But
Wil Perform -105 Minute System Count-
down Test.

1510 T045 Countdown Resumed.

T-45 LOZ Tanking Preparations Started.
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Countdown Countdown
EST Time Procedure Event

1517 T-38 T-40 AIG Computer and Programmer Che ck
1517 T-38 T-40 Started.

1518 T-37 Guidance Status "Go".

1519 T-36 L402 System Ready For Tanking.

1520 T-35H Holding For Re-entry Vehicle Accelero-
meter Problem.

1525 AIG Comnputer and Programmer Check
Completed Satisfactorily.

1526 Status Check - AUl Reports "'Go".

1527 T-35 Countdown Resumned.

T-35 Autopilot System Final Check Started.

T-35 LO2 Tanking Started.

1534 T-28 Range Forecasts Clear Launch Area.

1539 T-23 T-23 Azusa Check Started.

1540 T-22 T-22 Range Safety Command Final Test Started.

1541 T-Z1 Five Glitches Observed On 95 Per cont Fuel
Primary EA Pen.

I 5VI T-Z0 T-Z0 Telemetry Frinal Warmup Started.

T-20 Re-entry Vehicle Beacon On Externp.1 Power.

T-20 Scientific Passenger Pod No. 3 Telemetry,
Warmup Started.

1544 T-18 T-18 AZO Computer Chock Started.

2T-35 Hoiddown Hooks Retracted.
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Coantdown Countdown

EST Time Procedure Event

1548 T-14 Autopilot ýSystem Final Check Completed.

1549 T-13 Azusa Ground Station Unable To Lockon
Signal.

T-12 AIG Computer Check Completed Satisfac-
torily.

1550 T-12 Re-entry Vehicle Telemetry On "External".

1552 T-10 T-10 Telemetry/Range Safety Command AGO
Check Started.

T-10 Final Propellant Utilization Check Started.

1553 T-9 Final Propellant Utilization Check Corn-
pleted 3atihfactorily.

Telemetry/Range Safety Command AGC
Check Completed Satisfactorily.

1555 T-7 T-7 Forecast Final Range Clearance From AMR.

1556 T-6 T-6 Scientific Passenger Pod No. 3 To "Inter-
nal"

1557 T1-5 T-5 All Communications Switch to Channel 1.

T-+~.36 Azusa Reported "No-Go" By AMR.

T-4:30 T-+.30 Squibs Disarm Switch to "1Off"s.

T- 3: 50 T-3: 50 Status Check - All Reports "Go" Except

Azusa "No-Go",

1558:30 T.3:30H Holding To Evaluate Azusa System Status.

1600 T 3-.30 Countdown Resumed - Will Proceed With
Aszusa "No-Go",
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Countdown Countdown
EST Time Procedure Event

T-3:30 Toglemetry to "InIternal".

1601 T-3:00 T-3:00 Timer Off - Ready Switch to "Ready".

1602 T-2:43 T-2: 45 Shutdown Power Switch to "Arm".

1602 T-2:15 T-2:15 Re-entry Vehicle Beacon and Telemetry
To "Internal".

1602 T-2:05 T-2.05 Commands to "Internal".

1603 T-2:00 T-2:00 Re-entry Vehicle to "lReady".

1603 T-1:55 T-1:55 Autopilot to "Arm".

1603 T-1:50 T- 1: 50 Turning Water Systems "On".

hi1603 T-1:45 T-1:45 Commands to "Arm".

1603 T-1:40 T-1:40 Range Ready Switch "ýOn".,

1603 T-1:35H T-1:35 T-1 Minute 35 Seconds and Holding Momen-
tarily.

T-L:35 All Pro-s tart Lights Are Green.

T-1:35 Slug Start.

1603 T-1:35 T-1:35 T-1 Minute 35 Seconds And Counting.

T-1:33 Starting Flight Pressurisation.

1603 T,-1:15 T-1:15 Antopilot Programmer Reset.

1603 T-1:10 T-1:10 Missile to Internal Power.

1603 T-1:05 T-10O5 MISLiLve Helium to "Internall".

1604 T-O:60H T-0: 60 T-60 Seconds And Holding Momentarily.

Slug Curmplete.
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Countdown Countdown

EST Timz Procedtire Event

1604 T-0:60 T-0:60 T-60 Seconds And Counting.

1604 T-0:55 T-0:55 Water Full Flow.

1604 T-0: 0 T-0:50 Status Check - All Reports "Go".

1604 T-0:30 T-0:30 Close LOZ Ground FlU and Drain Valve.

T-0:30 All Launch Commit Lights Are Green.

1604 T-0:05H T-0:05 --T-5 Seconds and Holding Momentarily.

T-0:05 Commit Armed Light "On".

T-0:05 All Recorders To "Fast".

T-0:05 T-0:05 T-5 Seconds and Counting.

1604:11 Range 7tro.

rXr
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MISSILE CONFIGURATICN

Airframive

"IF" Series Airframe with no insulation bulkhead. Thor Retro-Rockets were
installed in the vernier erngine fairings. The missile 4F Airfrarneis essentially
the same as "Ell Series versions with two significant modifications.

A structural provision for one additional helium storage sphere has been
incorporated in the booster section. Missile 4F was manufactured without
the non-atructural bulkhead and insulation pad to improve the overall missile
re liability.

Axusa System

A type B-lIA coherent carrier transponder operated ini conjunction with the
Mark U Ground Station. An elliptical horn antenna was mounted on the
tripod boom in Missile Quad IV.

Electrical System II

Missile Electrical power was supplied by a remotely activated, primary-
type, Eagle-Pic)'ser main missile battery and Leland rotary Inverter. Vernier
Engine No. 2 bad an unwrapped electrical harness with Isolation resistors in
the wiring to the servo valve.

Flight Control System

The square canister configuration with forward rate gyzo canister containing
pitch and yaw rate gyros was flown on Missile 4F. This was the second flIght.
using the 27-41002-855 Gyro Canister which incorporated the Phas~e Rotation
Detector System in addition to the Spin Motor Rotation Detector (SMRD) System
(previously flown on Missile 32E). This was the sixth flight using the 27-45045-5
Forward Rate Gyro Canister (previously f lown- on Missiles 2?r. ZSZ, 26E, 30E, 322E)
and the fourth flight usng the Z7-41000-831 "Transistors$' Servo Canister'
(previously flown on Missiles 25E. 30E. and. 32E)., This was the second flight
using the Z7-41001-933 Programmer Canister (previously flown on Misaille
air).

Guidance System

Anm ARMA Lot IV Missile Guidance Set (MGS) was flown on Missile 41r.. Lot M.2
Ground t~uipment was used for preflight checkout of the MOS. t,
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Hydraulic System

The Hydraulic System is comprised of independent booster, sustaine r/vernier,
and vernier-solo sub-systems. These provide the power necessary to gimbal
the thrust chambers during flight. Minor components such as. flow -limiters,
relief valves, disconnects and associated plumbing are used in each system.
The vernier-solo system incorporates an accumulator type hydraulic power
supply.,

Impact Predictors

Azusa System and Mod MI Range Safety and Inatrearnentation System were util-
ised for impaci\;,rediction purposes.

Pneumatic System

An additi~al shrouded tank-pressurisation heliVrm storage sphere (or bottle)
will be carried aboard Series r missiles. The additional sphere is required
because of the short helium loading time in the Series F operational count-
down. The 9 minute loading interval does not allow the helium to be chilled
sufficiently by the liquid nitrogen shroudr. to store the required amount of hel-
ium in the five spheres used with Serievs E missiles. The additional bottle
will be loacated, in the Quad I and II aria of the booster section. An AiResearch
Series Ir boiloff valve was flown. Frluidg~nice regulators were used to control

-pressures in the fuel and L402 tanks.

Propellant Utilization System

j The Accustica, Propellant Utilization System was utilised on this missile and
in essentially the same as the system flown on Missiles 26E and on. This
system uses a 400 cps signal for excitation of the PU valve position feedback
transducer and a 5- card computer,

i:V Ptpulslon System-

j~RoeMyne )LA.3 Liquid Propulsion Engine Srstemn was flown.

~e Safety Command System

tbstandatd systemeimployed two ARW-02 Receivers, a power a&I.. signal con-
unit.. aMing switch, and destruct package. System electrical power was

IJ '$i t.spplied by two manually- activated , secondary-type, Yardney batteries which
ar~e contained within a single canister,
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Telemet~y

PAM/FM/FM System was comprised of four telemetry packages, three Bendix
R ar'd D telemetry packages and a one time transposition telemetry package
which included a Speidel Corp. Recorder Reproducer System. One accessory
package was carried to furnish transducer excitation and signal conlitioning
circuits, two diplexers. a ring coupler,, anid two cavity-type antennas.

Four airframe telemetry links were operational at 227.7. 229.9. 232. 4 and
235. 5 mc. System electrical power was mcpplied by three remotely-actuvated,
primary-type, Eagle-Picher batteries.

.Mod II Range Safety and Instrumentation System

The Missileborne Mod III E Instrumentation Beacon System operated in con-
junction with the Mod III Ground Station. The missileborne antenna was
mounted on the tripod boom in missile Quad IV.

Propellant Tanking

Astronautics "Ell Series Propellant Tanking System incorporating four ultra-
sonic fuel sensors, four LOZ/GOZ d~etectors, a Propellant Loading Control
Unit (PLCD.) in the 1blockhouse, and.200-400 g^1lirn L02 slug.

Re-entry Vehicle

A Mark 5, Mod 2 Re-entry Vehicle was flown with special Adapter and a bal-
lasted transition section incorporated to simulate weight of the Mark 4
Re -entry .Vfthic;* wi cTha 'ret ehtrV-vdh~cleietari'led two :te lemetry lhiks,& Saudia
simulated warhead and a playback recorder but no data cassette or recovery
aids. The re-entry vehicle also carried a C-Band radar beacon and a one-
pound SOFAR bomb.

Penetration- Systam

This was 'the second 'IF' Serikes nlight using th. Mod I pod (pieviously flown
on Missiles ISE, ZIE, 90D and ZF). The pod ýý,¶~stsd of a base structure;
one 12-inch diameter launch tubai safety, armint and timing system; instru-
mentation,- and a protective aerodynamicr-iWring. The rod electrical and
instrument~tion systems were powered by a decondary -type battery contained

* within the pod. The pod was mounted In Misetie Quad II with its center tals
31 degrees from the X &%si o,' lie missile. -
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Scientific Passenger Pods

SP Pod No. 3 was carried for 8 assigned experiments on geophysical studies.

SP Pod No. 22 was carried to obtain empirical data on fuel core heating rates
for bodies of a given configuration and material during re-entry.

ItWI
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HISTORY OF SM- 65F MISSILE NO. 4F

Atlas Missile 4F arrived at AMR by air on 1Z August 1961., Transfer from
the IOC trailer to the R and D trailer was completed arnd th'e missile was placed
in the south bay of Hangar "J". On 14 August the missile was moved to Hangar
"KII for MAPCHE Testing. Missile weighing was completed on 5 October,
transfer to Complex 11I and erection were accomplished on 6 October. Pre-
flight testing was accomplished in accordance with planning documented in
Report AA 61 -010Z, Flight Test Directive, Atlas Missile 4F.

Significant events concerning Missile 4F from arrival at AMR to launch are
delineated below:

Date Event

Z3 October 19-61 Successful Propellant Tanking.

13 November 1961 Unsatisfactory Flight Acceptance Cemposite
Test (due to problems with Autopilot, Guidance
and Telemetry).

18 November 1961 Satisfactory FAC Test.

Z5 November 1961 Flight.

Significant difficulties are presented by system below:

Landline Instrumentation

No significant problems were encountered.

Missile Electrical

IR No. 679499 written to replace diodes in inverter (CR42). Recalts of the

MAPCHE missile electrical test were used to test inverter after diode change.

Range Safety Command

No significant problems were encountered.

Azusa

IR. N o. 679455 written against As&us& Aljax broken at waveguide near VI
engine. Aijax was repaired using existing connector and new inter-seal.
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TVA A32684 Thor-Retro Rockets squib check-out was corrected due to a wrong
callout.

Azusa transponder installed was found to be "NO 00" on missile FACT, with
evidence of loss of phase lock or carrier frequency shift. The canister was
replaced with same results. Antenna coupler installed and radiating horn
directed to ground station indicated satisfactory results. Although possibility
of multi-path interference existed, this transponder was also replaced.

During pre-count checks flight transponder check was satisfactory. During
normal countdown operations, transponder was found to be "NO GO" prior
to and at liftoff. Data Reports indicated Later lock-in during launch plus time.

Telemetr,

Accessory package circuits for BLIP module concerning Measurement D I V
were found to have capacitor polarity reversal resulting in loss of signal and
bias on channel. The capacitor was cirrectly installed.

Excessive operational problems were encountered with Measurement P 531 0,
and A 36 A transducers due to sensitivity to ground external power and trans-
ducer failures. Transducer was replaced and Measurement A 36 A failed again

o idurlng flight.

Short on Channel 2-4 circuit in accessory package causing component failure
of ARMA M. 0.S. This item was corrected.

Transducer failure on Measurements H 185 P, H 212 P, and H 224 P due to
evident over-pressure prforto or after arrival at AMR. The transducer
was replaced.

Incorrect weld Joint used on Measurement A 32 T resulted in damage during
functional check. This was corrected. A good deal of difficulty was encoun-
tered In getting Measurement P 830 D to work properly.

Upon applying power to the Autopilot System, it was noted that the programmer

sero light was not on but all other high power switch lights were on. Power

was turned off and back on and the programmer light was present with no other
lights. When A/P power was turned back on the programmer would run only
at X10. Since nothing was done toremedy this problem because it disappeared
by itself, the X1O wires going to the programmer were cut at the programmer
to prevent possible failure in flight.

- , - During rework of ADF pod wiring an open solder Joint was found in plug
305U31PI. This solder joint was repaired.
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During the plus time of the FACT, it was noted that Switch No. 17 of the A/P
programmer had an output which resembled the timing pultse. This indicated
that s 28 V was absent from the control diode. The programmer wai re-
placed.

Mod III E Instrumentation Beacon

During the first FACT on 11-13-61, three problems were found. P 51, on the
back of the console, was loose, and plug 304UIPI pin D on the rate beacon was
bent. The harness was IR'd (#650380) and dispositioned to straighten connector
and remate; the rate beacon was removed and replaced with S/N 20 CG. The
third problem was that the MIBITS equipment 14th pulse was adjusted out. This
was readjusted correcting the problem.

Water was found in Umbilical 600U5 on 11-15-61 and was purged.

During the second FACT on 11-18-61, three problems were encountered. P4,
which is not properly wired causing low meter readings, was plugged in the
MIBITS equipment. This was removed correcting the problem. The second
problem was that Pin F 304UIPZ was intermittent. The plug was removed, the
pin straightened, and the plug remated correcting the problem. The third
problem was low power return from both beacons. A piece of cin foil was found
in the coupler which was removed, correcting the problem.

Hydraulics

During MPACHE testing in the Hangar, V-2 engine developed a leak at the yaw
gimbal shaft seal bleed port. After erection, V1 developed the same leak and
both engines were subsequently replaced. Replacement engines contained the
leather back-up rings. There was slight seepage from both new engines, but
was well within 5 drops/5 minute specification.

All Clemco vernier actuators were replaced with reworked Clemco actuators,
after receipt of missile at AMR. V2 yaw actuator failed during MAPCHE
testing in the hangar, and was replaced.

The Royal Jet Hydraulic Unit was received at AMR with two outstanding IR's
attached. Unit was rejected at AMR due to lack of evidence that cleanliness
had been maintained on unit during removal and transportation to AMR. The
hydraulic oil and filters were changed and fluid circulated using internal
filters and external filter banks. The fluid was drained again and reservoir
flushed with alcohol. After refilling unit the fluid was again circulated several

9 hours before acceptable samples were obtained to support testing.
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The airborne sustainer hydraulic pump was changed due to Leakage from
vendors outlet pressure fitting.

VI actuator hydraulic return line required replacing due to a broken "B" nut.
Evidence indicated over-torque as its cause.L Prcpellant Utilization

No significant problems were encountered.

Propulsion

I A major problem resulted from cleanliness not being maintained in the LOZ

B-1 LOZ low pressure duct between staging disconnect and A/B fill

addrain valve.

B-Z LOZ low pressure duct from staging disconnect to 3-2 pump inlet.

B-Z low prsssure duct, first section above staging disconnect.

0 These ducts were removed and sent to the Lab for solvent extraction tests. The
tests showed the ducts hat t* be co~ntaminated. They were cleaned and replaced.J A major problem involved replacing the fuel staging valves because the flow
fairing on the rear of the valve poppet came Loose during a San Diego pet test.

Another problem was the replacement of the vernier fuel flex supply line
because of a fatigue pet test failure in San Diego.

Tbe prevalve bellows shields were replaced because they were not per B/P,
which calls for fiberglass and the ones installed were asbestos.

On X-l day, while inspecting the vernier engines, it was found that the V-Z flex
conduit interfered with the vernier LOZ supply line.. The AN 743-13 bracket on
the clamshell, was repositioned eliminating the interference.

* Complex Mechanical

Prior to missile tanking tests, PCU checkout revealed a burned out 40940 RF
filter to PCU valve No. 20. Ma 0679420 was written to replace this filter.
'Because of a previous filter failure, it was decided to replace all existing
filters as parts became available. Failure of these filters have occurred on(1) Complex I I only and -seem to be traced with excessive spraying of the JPCU
with water during a water test in February 196.. Failure of any u.f these
fAlters can cause serious pressurization control problems.
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Complex Electrical

Upon rework of the Airesearch boil-off valve it was discovered that the
feed thru connector required for probe installation had #20 sized pins while
the wire from the LOZ probes was #16 AWG. Installation was IR'd to remove
9 of 19 strands to allow #16 gage wire to be installed in #20 pins.

The R/F filter on valve #20 of the PCU burned out. Due to moisture present
all filters were IR'd and replacements were ordered. Filters on valves 20, 22.
24, and 25 have been replaced.

Umbilical 600U7 was found to be internally shorted on several pins.

During installation of the protection rubber guard on 600P12, moisture was
found in the connector. An EO was written to drill drain holes in mounting
bracket.

The fuel probe installed in the missile did not agree with available paper. P/C
27-72268-801B did not require a quick disconnect, but the disconnect was in-
stalled. Probe was reidentified to currect problem.

During LOZ Tanking (10-23-61) two problems occurred:

Operational power lightcould only be turned on with test position
key. This was corrected by correcting wiring at MAPCHE hyd-
raulic console.

There was no 95% indication at the LOZ console and pumps LA 1-nd
LB did not turn off. This problem was caused by an incorrect cross-
over setting in the PLCU cabinet due to a faulty test box (EWR 31268).
The cross-over points were re-set and a set of K,30 (LOZ low topping)
contacts were installed in the LA-LB pump circuitry to provide sec-
ondary pump cut-off.

The circuit breaker on the prop. valve heater panel was broken. This was re-
placed per IR #650865.

Prone Ilant Loading

No significant probLa ns were ancountered.
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Rit-entry Vehicle

V Significant pro-flight events:

Event ]Date

Mark 5 Mod 2-2 arrived at AMR. 2 August 1961

Final systems test accomplished. 6 November 1961

Re-entry vehicle accepted for flight by
Air Force 15 November 1961

Re-entry vehicle mated to Atlas 4F 20 November 1961

Airframe

Considerable rework was required on, pod cooling ducts received for pod cooling

modifications due to manufacturing errors and/or deviation from B/P specs.

Pneumatics

After Fruel Tanking Test Stage 11 pressure, fuel was observed leaking from
204U531-1. Acoustica Plug Boss. A Gasket was replaced after detanking. This
bass again leaked after readiness tanking; howeve'4. leakage was stopped by
torquing the nut per B/F specification.

Penetration

No significant problems were encountered.

Bcientific Passenzer Pods (SPP)

During launch precount, it was found that the plug on the squib cable (PB 5493-
223- 1) which mates with thA connector on the conax valve were both female
connectors. The cable plug was removed and a male connector added.

On 32 August 1961 commenced Missile 4T MOB chedi out using CTP-40. Coud
)o tr o:dn e ABACSN:2 a eplaced with ASC SIN 7150013,

On 1Z and 13 Ocoe 91when attempting to start the airborne computer via
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check, the computer did not start. Checks revealed that there was no 28 vdc
at TB 29-I. Investigation revealed a wiring error in ECP-35 Drawer IAZAI.
The wiring error was corrected and the diodes which burned out were repLacedi
due to this error. Results were then satisfactory. MAPCHE Checkout was
conducted satisfactorily.

Three computer problems were run before supporting MAPCHE. A digital
"NO-GO" was obtained on two Flight Board problems and one digital "NO-GO"
was obtained on the IG Board problem. Commenced "NO-GO" indication in-
vestigation.

On 17 and 19 October 1961 ran four computer problems through the Flight Board.
All were "GO'sal. Amp output was noticed when the system was first turned on.
When the system warmed up, the magnetic amp output returned to normal. A
"ýad channel was suspected in the ASC. ABC S/N 7150013 was replaced with ASC
S/N 7150047.

On 20 and 24 October 1961 the new ASC S/N 7150047 exhibited the same symptoms
as the old ASC. When a computer problem was initiated, ASC Channels II and 18

-, would increase in steps as the discretes occurred. Pod wiring was checked and
* ) no discrepancies were found. Umbilical cable was found to be defective and was

replaced.

On 13 Novet-aber 19)61 completed FAC Test. Computer failred during the two
hold countdown problems, and Channel 27 of the ASC (Pitch Steering Resolver)

read zero output even during gimbal travel. Z Accelerometer Scale Storage-
was out of tolerance.

Replaced Computer S/N 7230125 and ASC S/N 7150047 with Computer SIN 7230021
and ASC S/N 7150049. After replacing components, four computer problems
were run witli all "GO" results. The new ASC exhibited the same symptoms;
no output from Channel 27. Investigation of this problem showed telemetry cable
302J6 was shorting the channel to ground. Repaired same, thereby rectifying
the ASC problem.

On 17 November1961 supported Integrated Test and obtained 1 YSS 'NO-GO".
Reran the problem and received two "GO's" and another "NO-GC/'. Checked the
YSS amplifier for proper adjustment. The Z Scale Storage problem was traced to
a slipping clutch on motor RIO. The motor was replaced.

On 18 November 1961 conducted FAC Test, with system in a "GWY' configuration.
A YSS "NO-GO" indication was obtained duulng the GAP Test. It was found that

.) the "NO-GO" logic was not giving a computer "NO-GO" indication when it occars,
The telemetry and sanborn runs were analysed and found the YSS levels were within
tolerance. In checking the YSS amplifier, it was found to be adjusted too high.
as ý1 &MO i M ano M mW M - 11 lam - on "Ma U- 1 %-•msism um m mm lamm mus - E m mssmmm~ immni m
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Re-adjuated to the proper vi~lu~e arnd ran integrated runs with A/P. Resulting
in a "GO" condition.

On ZO November 1961 completed X- I Day System Checks (CTP-37). It was
discovered that whea the SECO discrete button was depzessed on the'A/P
monitor panel. during a. GAP Test, the IAIAI Computer drawer sensed
this as a premature SECO time and YSS "NO-GO" indication was generated,
as the YSS level was not yet set up for SECO sample.
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FLUID CHEMICAL ANALYSIS

Unit Sample Specification

-Liquiid Oxygen

PurtyPer cent 99. 55 9?. 2 Minimumr

Hydrocarbons 2 5 oa aiu
As Methane ppmbyvOl. 2 50TtlMxrlL~

As Acetylene ppmbyvol. Noe.5MxmUf
Particle Count maiu

350 -500 microns 0 0 aiu
500 iMicrons 00

Fibers, 25 x 6000 Microns 00

Total Solids Microns 0 Z. 5 Maximum

This item is within specifications.

Gaseous Helium

Purity Per cent 99.954 99 iiu

Hydrocarbons
As Mthae ppnbyol. one75. 0 Total Maximum

As Acetylane ppmby vol. None 1. 5 Maximum

This item is within specifications-

Gaseous N~itrogen

Purity per cent 99-85 99. 5 minimum

HydrocarbonsNao7.0TolMxiu
As Methane ppmby vol. Noe7.TtaMxiu

As Acetylene ppmbyvol. None 1. 5 maximum

Th in Item is within specifications.

jubricating Oil

Viscositf w 1000 Centistokes 12.7 11.0a MlnimJam

Viscosity at 21007 Contiatokes 3.3 3. 0 Minimum
Fl'Or Pon.~440 400. 0 minimum

iasc osinty e 4 60,0 minimum
V i s c os ityn d e x 1 49 U n ifo rm , N o sed im en t

0p e r ncsp s or suspended m atter.

This itom is within specification$-a

m uusn is rum ~ 33 aim esWNsm sW u 5aU~yj~
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Unit Sample Specification

Trichloroethylene

Appearance Pass Clear

Color Pass Not dyed.

Odor Pass Characteristic

Specific Gravity @68 0 /68°F 1.470 1.454 to 1.476

Distillation
Initial 

0 C 189 187.7 Minimum

Dry Point °C 189 190.4 Maximum

Water Content @14. O°F Pass Cloudless

Non-volatile Per cent 0.001 .00.2 Maximum

Hydrocarbons Per cent 0.0002

Thi's item is within sppecifications.

Fuel, RP-1

Initial Boiling 0F 364 Report

10 Per cent OF 394 365 - 410

S50 Per cent 0 F 421 Report

90 Per cent OF 458 Report

End Point oF 486 525 Maximum

Residue Per cent 0.9 1.5 Maximum

Loss Per cent 0.6 1.5 Maximum

Flash Point or 142 110 Minimum

Gravity °API 43.5 42.0 - 45.0

Particle Count
350 - 500 Microns 0 Z0 per Uter maximum

500 S Microns 0 0

Fibers, 25 x 6000 Microns 0 0

Inert Solids Microns 1.0 1. 5 Maximum

This item is within specifications.

Hydraulic Fluid - Booster

Flash Point oF it5 200 Minimum

Color clear Clear

Viscosity Centistokee 8.30 6. 5 Minimum

Dye Red Red

" - UUý -- YqqMU inm - m OF w UMm - eR R so m f U or " W"" m
viem..mmum iini m. ,1a emmmsein u urnmm m mai.p m u. s immm m -am
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Unit Sample Specification

Hydraulic Fluid - Booster (con.)

Particle Count
10 - 25 Microns 1,620 5, 500 Maximum

26 - 50 Microns 420 1, 200 Maximum

51 - 100 Microns 60 300 Maximum

100 - 500 Microns 1 20 Maximum
500 S Microns 0 0 Maximum

Fibers. 100 - 1000 Microns 1 20 Maximum

Fibers, 1000 4 Microns 0 0 Maximum

* This item is out of specifications.

Hydraulic Fluid - Sustainer

Flash Point oF 216 200 Minimum

Color Clear Clear
Viscosity Centistokes 8.35* 8.5 Minimum

Dye Red Red

Particle Count
10 - 25 Microns 2, 5ZO 5, 500 Maximum

26 - 50 Microns 480 1,200 Maximum

51 - 100 Microns 120 300 Maximum
100 - 500 Microns 4 20 Maximum
S00o Microns 0 0 Maximum

Fibers. 100 - 1000 Microns 6 20 Maximum
Fibers, 1000 ( Microns 0 0 Maximum

* This item is out of specifications.

Ma mum uýi w u w "w -N go or In W ý Uf w
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REFERENCE DOCUMENTS

Flight Test Plan - Missile 4F AE 60-CI41

Flight Test Program - SM-65 Series F, R &D
Missiles AZC-Z7-005

Detailed Test Requirements (AFBMD/STL) STL..OR-60-0000-19OZ 8

Flight Test Directive (FTWG) AA 61-OIOZ

Additional reports which may be referenced for further information regarding

this missile are listed below:
Approximate Issue' Date

Reports (time after test)

General Dynamnics /Astronautics, San Diego, Calif

Flight Test Evaluation Report 14 days

AFBM.D/STL. Inglewood, Calif.

Flight Summary Report 8 - 1Z weeks

ARMA.ACCO

CCO Quick Look Report 7 - 10 days

American Bosch ARMA Co.,* Garden City, N. Y.

Flight Test Evaluation Report 30 days

AVCO RAP, Wilmington, Mass.

Evaluation Report 30 days

General Electrics, Syracuse, N. Y.

Evaluation Report of Mod III Instrumentation System
with Missile 4F. 6 *10 weeks

Acoustic& Associates, Inc'. los Angeles, Caif.

Flight Test Evaluation Report 30 days

3 ~Aeronutrouilca, Newport Beach, Calif.

Flight Test ftepofutl 30 days
meU -wo -owo am 6zTs uss^ -" Uk -e
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SERIAL NUMBERS OF SYSTEM COMPONENTS

Azusa Transponder

Canister, Serial No. 731-0097

go-entry Vehicle

Mark 5 Mod 2-2, Serial No. LZ5929

Range Safety Command System

Range Safety Command Receiver No. 1, Serial No. AT 61-164
Range Safety Command Receiver No. 2, Serial No. AF 61-163
Range Safety Command Receiver No. 1, Battery, Serial No. 011-0507
Range Safety Command Receiver No. 2, Battery. Serial No. 011-0506

Range Safety Command Power and Signal Control Unit, Serial No. 011-0038

Propulsion System

Sustainer, Serial No. 222754
Booster No. 1, Serial No. 112817
Booster No. Z, Serial No. 112818
Vernier No. 1, Serial No. 332826
Vernier No. 2. Serial No. 33276?

Electrical System

Main Missile Battery, Serial No. 105-0400
Inverter, Serial No. 007-0102
Power Changeover Switch, Serial No. 003-0042

Mod II E titstrumentation Beacon System

Rate Beacon, Serial No. 6E9020
Pulse Beacon, Serial No. 6E1038

0RMI W wes W " usmWI W f W1
U&Mai M ~A uI WAINOW 0u meai WGAN OF 0 mMR msm As agaWvs @0MWU
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Telemetry System

Telemeter RF No. 1, Serial No. 105-0016 (0874)
Telemeter RF No. 2, Serial No. 105-0011 (0816)
Telemeter RF No. 3, Serial No. 107-0019 (0873)
Telemeter RF No. 4, Serial No. 3
Telemeter RF No. 1, Battery, Serial No. 105-0571
Telemeter RF No. 2, Battery, cserial No. 105-0569
Telemeter RF No. 3, Battery, Serial No. IOS-0570
Accessory Canister, Serial No. 104-0023

Flight Control System

Gyro Canister, Serial No. 107-0171 (206)
Forward Rate Gyro Canister, Serial No. 0)18-OIOZ (99)
Servo Canister, Serial No. 110-0127 (250)
Programmer Canister, Serial No. 010-0031 (258)

Propellant Utilization System

Computer, Serial No. ACA-0086
Stillwell-LOZ, Model SL 191, Serial No. 0158
Stillwell-Fuel, Model SL 192, Serial No. 0158

Pneumatics System

WOZ Tank Pressure Regulator, Serial No. 107-0287

Fuel Tank Pressure Regulator, Serial No. 103-0Z43

Inertial Guidance System

Platform, Serial No. 7210009
Control. Serial No, 7220077I
Computer, Serial No. 7230021
Analog Signal Converter, Serial No. 7150049
Digital Signal Convertor, Serial No. 7140051

Penetration System

Pod, Serial No. 022

Scientific Passenger Pods. Seria No. 3 and Serial No, 22

"A*. "pow" No56 no, "a AmosUsm a To avowing N 01 qW N 1 a 01 wm to ww'iumuso earn emesm
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